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DRUKARNIA UNIWERSYTETU  JAGIELLONSKIEGO W KRAKOWIE 


JANINA JENTYS-SZAFEROWA 


ANATOMICAL INVESTIGATIONS ON FOSSIL FRUITS 
OF THE GENUS CARPINUS IN POLAND 


Badania anatomiczne nad kopalnymi owocami rodzaju Carpinus 
w Polsce 


1. PURPOSE AND METHOD 


The morphological investigations on fossil fruits of the hornbeam in 
Poland, published in Vol. I nr 1 of ,,Acta Palaeobotanica” (1960), although 
made ona large material and using biometric methods, did not fully solve 
the problem of the history of the hornbeam in the geological epochs of the 
past. This led me to elaborate the same material in a different way. 
I wanted to make sure whether by investigating the anatomical structure 
of fossil fruits the conclusions drawn from morphological investigations 
could be confirmed, and to elucidate the questions to which the exami- 
nation of the morphology of the fruits had given no answer. 

The following conclusions were drawn from the morphological investi- 
Sations. 

1. In the Holocene climatic optimum and in the Riss-Wurm Intergla- 
cial in Poland there grew a hornbeam of which the fruits had the same 
shape and the same intraspecific variability as the fruits of the recent 
species Carpinus betulus. 

2. In the Pliocene there grew a hornbeam with fruits similar in shape 
to those of Carpinus betulus, but much smaller. The large percentage of 
fruits broader than they were long, a character now possessed only by the 
species C. betulus, was one of the points which determined them as be- 
onging to the same type. 

3. Besides the small nutlets, morphologically similar to those of 
Carpinus betulus, two large nuts from the Lower Pliocene were found at 
Kroscienko. These were completely similar, both morphologically and as 
regards their dimensions, to the nutlets of the species C. betulus most 
frequently found to-day. This gave evidence that besides the small-fruited 
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hornbeam of C. betulus type, a hornbeam with fruits differing in no 
particular from those of to-day was already making a sporadic appearance 
in the Lower Pliocene. This suggested that the small-fruited hornbeam 
was little resistant to climatic changes and disappeared during the Ice 
Age, while the hornbeam with large fruits like those of to-day was 
resistant, survived the Ice Age and now grows in Poland as the only 
representative of the genus Carpinus. 

4. In the Polish Pliocene there probably grew, besides the species of 
C. betulus type, species of hornbeam not found to-day, since they required 
a warmer climate. They did not, however, play any major part in the 
Polish Pliocene. On the basis of the morphological variability of samples 
from the Pliocene, I thought that perhaps species related to the present- 
day C. orientalis, C. Tschonoskii or C. laxiflora might come into play, but 
this was merely a supposition unsupported by proofs. 

5. The fruits of the hornbeam which grew in the Polish Miocene differed 
from the contemporary species C. betulus both in dimensions and in shape. 
They were relatively narrower, and sharp-ended, recalling the fruits of 
the recent species C. orientalis. 

I had certain doubts, which I wanted to clear up. 

1. I wanted to make sure whether the Pliocene small-fruited horn- 
beams, which on the morphological basis I had reckoned as belonging to 
the type C. betulus, had the anatomical structure characteristic of this 
species. 

2. I wanted to see whether it was possible, on an anatomical basis, to 
find out what other species of the genus Carpinus might have accompanied 
the small-fruited species C. betulus in the Pliocene forests of southern 
Poland. 

3. Plentiful involucres of the C. betulus type from the Polish Miocene 
have been found, but so far none at all of the C. orientalis type; these 
involucres did not correspond to the shape of the hornbeam fruits from 
the Miocene found sc abundantly in Poland, and of which the shaipe recalls 
that of the present-day species C. orientalis. This, among other’ reasons, 
was why I set myself the task of searching for diagnostic characters in 
the anatomical structure in order to determine to what species the fossil 
fruits belonged. 

My anatomical investigations were based on the paper ,,Owoce rodza- 
jow Carpinus i Ostrya” (The Fruits of the Genera Carpinus and Ostrya), 
by J. Jentys-Szaferowa and M. Biatobrzeska (1953), which contains an 
analysis of the characters, both morphological and anatomical, of the fruits 
of the contemporary Carpinus and Ostrya. 

Passing to the description of the anatomical studies on the fossil horn- 
beam nutlets, I shall not repeat the structural details of the contemporary 


fruits, already described in 1953. Only the photographs in Plate I, and the 
drawings of structural details of the pericarp of the fruits in Figs. 1—2 
have been repeated from the paper mentioned. The fruits shown in Plate II 
were selected in such a manner that their breadths corresponded to the 
average breadth characteristic of the given species, so that the sections 
can be compared as regards dimensions. An exception was made only in 
the case of the species Carpinus betulus. Under ia nutlet of average breadth, 


es, 


es 


NOD 
Ve 
as = 


eae, 


ODS 


ef: 


g. 1. Transverse sections through pericarp: A — Carpinus betulus, B — Carpinus 
roliniana, C —- Carpinus orientalis. Magnified X c. 120. A1—Ag4, By—By and Cy—Cs, 
details of sections magnified < ec. 200. 
rc. 1. Przekroje poprzeczne przez perykarp: A — Carpinus betulus, B — Carpinus 
roliniana, C — Carpinus orientalis. Powiekszone ok. 120 X. Ay—Ag, By—By i Cy—Cs, 
szezegoly przekrojow ok. 200 &. 
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I have placed a photograph of a section of the narrowest nutlet of es 
species C. betulus in my material. The reason for this will be explained 
later. 
A glance at Plates I and II will be enough to show that the species 
Carpinus betulus is distinctly different from the main species of hornbeam 


Fig. 2. Transverse sections through pericarp: D — Carpinus laxiflora, E — Carpinus 


Turczaninowit, F — Carpinus Tschonoskii, G — Carpinus cordata, H — Carpinus 
japonica. Magnified < c. 120. Dj—Ds, Fy—F4, G; and Hy, details of sections magnified 
Pach 2.003 
Ryc. 2. Przekroje poprzeczne przez perykarp: D — Carpinus laxiflora, E — Carpinus 
Turczaninowii, F — Carpinus Tschonoskii, G. — Carpinus cordata, H — Carpinus 
japonica. Powiekszone ok. 120 X. Dy—3D, Fy—Fy, C; i Hy szczegéty przekrojéw 
ok. 200 X. 


now existing. The differences, besides of course the dimensions of the nut- 
lets, lie in the thickness of the pericarp, the clear ribbing of this, and the 
presence of cells with large lumens in the central part of the pericarp. 
Distinctly rounded vascular bundles in a relatively broad perigone, which 
increases the protuberance of the ribs, are also noticeable. These char- 
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acters are irrespective of the dimensions of the nutlets, as is evident 
from the two photographs of sections of C. betulus placed one under the 
other. The upper photograph shows a section through a nutlet of average 
breadth, and the lower a section through the narrowest nutlet of this 
species which I have found. The breadth of this nutlet corresponds more 
or less to the average breadth of C. caroliniana, and was somewhat greater 
than the average breadth of the other species. The anatomical characters 
of the species C. betulus are clearly apparent in both sections, only the 
ribbing of the pericarp was not well marked in the broadest part of the 
small nutlet. 

From the results of morphological investigations of recent nutlets of 
the genus Carpinus (1953), I had hoped that it would be possible to sort out 
from the mixture of fossil nutlets those of the species C. betulus on the 
basis of their measurements. This hope was in vain, since the Tertiary 
nutlets of the C. betulus type did not differ from other species in the 
dimensions ‘of the fruits. These were described in detail in 1960, 1. The 
picture shown in Plate II, however, raised hopes that anatomical investig- 
ations might give better results. In order to determine the fossil material 
on the basis of the anatomy, careful observation of the degree to which 
the typical characters of the species C. betulus are preserved during 
fossilization was necessary. 

I sought for answers to the questions already mentioned by examining 
successively older nuts belonging to the species C. betulus, first of all the 
Quaternary nutlets: subfossil nutlets from the Holocene, then from the 
Riss-Wtrm Interglacial, and finally from the Mindel-Riss Interglacial. 
Statistical studies did not demonstrate any essential morphological differ- 
ence or any difference in local variability between these nutlets and those 
of the contemporary C. betulus, which assured me that the same species 
of hornbeam was growing in Poland throughout the Quaternary. 

The fossil nutlets, both from the Quaternary and from the Tertiary, 
anatomically investigated were first measured ‘by the method described in 
,.Morphological Investigations of the Fossil Carpinus-Nutlets”, p. 9, then 
photographed, and finally embedded in celloidine and cut transversely. 
All the sections from the apex to the base were arranged in order on slides 
and preserved in glycerine. Preparations fixed in glycerine-gelatine or 
Canada balsam were made from the most characteristic sections. In this 
way it was possible to link up the anatomical studies of the fossil nuts 
with their shape and size. All the photographs, both of the nutlets and of 
their sections, were made to the same scale, so ‘that they could be com- 
pared. (Plates III—XIV). 


2. THE NUTLETS FROM THE QUATERNARY 


Anatomical studies were made of 11 subfossil nutlets from the Holo- 
cene, found at Krzeszéw on the San (v. 1960,1 table 2). Since there was no 


doubt that these belonged to the species C. betulus, I deliberately chose _ 


specimens which clearly diverged morphologically from the average type 


for examination. This was to see whether even in extremes one in | 
a thousand ‘or sometimes in several thousands, the species to which they — 


belong can be determined on the basis of the anatomical characters. 


Photographs of 8 such nutlets from Krzeszow are shown in Plate III. | 
The nutlets shown on the left in Plate III were broader than they were | 


long; their ratio of length to breadth was 0.8—0.9 (cf. J. Jentys-Szaferowa 
1960,1, table 5). The nutlets on the right were 1.5 to 1.7 times longer than 


broad. Nutlets A and B had scarcely any ribbing at their broadest ‘part; | 
in the species Carpinus betulus this is a rare phenomenon. In addition, | 
nutlet B had no thickening of the pericarp on the poles. Nutlet E was an ) 
extreme not only as regards the length-breadth ratio (the length was } 


calculated only to the base of the style), but also as regards the situation 
of the broadest part (at 27 per cent of the length) and the apical angle 
(70°), and was more reminiscent of a nutlet of the genus Ostrya than the 


genus Carpinus. This was an abnormal nutlet, probably maldeveloped. | 
Most of the nutlets had no perigone, which showed that they had been 
transported for some distance and the perigone had been destroyed on | 


the way. 


In spite of the great differences in the outward appearance of the nut- | 
lets, their anatomical structure aroused no doubts. All the extremes be- 
longed to the species Carpinus betulus, as may be seen from the photo- | 


graphs of the sections ‘placed ‘alongside. 


Five mechanically chosen nutlets from the Riss-Wiirm Interglacial were | 


examined. Photographs of these are shown in Plate IV. The nutlet A in 
the upper part of the Pilate was maldeveloped, like nutlet E in Plate III. 


In spite of this, the characters of the species C. betulus were clearly marked | 


in the anatomical structure, (Ag and Ag), as may be seen also in the 


Sections of the next nuts. Nutlet E, like nutlet B in Plate III, had no | 


ribbing of the pericarp at its greatest breadth. In transverse sections of 


the pericarp, however, its anatomical structure was still more clearly | 
marked than is often the case in sections of recent Carpinus betulus nut- | 
lets. The perigone was preserved only in nutlet C, protruding over-the | 


ribs just as in the species mentioned above. Under ithe perigone a distinct | 


layer of hollow cells, in which ‘there were crystals of calcium oxalate, miay 
be seen in the pericarp (cf. J. Jentys-Szaferowa and M. Biatobrzeska 1953). 
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All the nuts were comparatively little flattened; it could be seen that 
they had not come from a distant geological epoch. 

In the Mindel-Riss Interglacial (Plate V) a much more marked com- 
pression of the fossil material may ‘be seen. The perigone was also flattened, 
so that the bundles in the ribs, which in the species C. betulus are usually 
rounded, sometimes appeared as oval. The compression is most of all mark- 
ed by the disappearance of the internal hole of the pericarp. Sometimes 
the walls of this are in complete contact, as in nutlet E, although all the 
details of structure characteristic of the species C. betulus can be seen. 

The material collected in Plates III—V gives a good example of the 
scale of variability of the morphological ‘and anatomical structure of nut- 
lets of the species Carpinus betulus. It may be seen that I occasionally met 
with nutlets in which one of the three characters described above as 
characteristic lof the species C. betulus was not distinguishable, but the 
other two characters were always clearly marked; e. g. I found nutlets 
in which the ribbing of the pericarp was very faintly marked at the 
broadest part, or was entirely absent (Plate HI, A and E, Plate IV, §), 
yet the thickness of the walls of the pericarp and the presence of cells 
with a large lumen in the medial part were so characteristic in these 
nutlets that it was quite certain that they should be reckoned as belonging 
to the species C. betulus. 

In all I examined anatomically 11 subfossil nutlets, 5 from the Riss- 
Wiirm Interglacial, and 5 from the Mindel-Riss Interglacial, a total of 
21 nutlets from the Quaternary. 

Since the results of the investigations ion the anatomy of the Quater- 
nary nutlets showed that the characters ‘typical of the species C. betulus 
were preserved during fossilization, there was no purpose in carrying out 
these studies on a larger material. My whole attention was therefore con- 
centrated ion the anatomical study of nutlets from the Pliocene which, on 
account of their small measurements, were very clearly distinguishable 
from ‘the nutlets of the Quaternary. 


3. THE NUTLETS FROM THE PLIOCENE 


On the basis of detailed biomietric examinations, I assigned the majority 
of the hornbeam nutlets from the Upper Pliocene at Mizerna and from 
the Lower Pliocene at Kroscienko on the Dunajec in Poland to the C. be- 
tulus type. The typical character of the Pliocene type was only that the 
dimensions of the nutlets were considerably smaller than those of the 
C. betulus which grew in the Quaternary and is still growing to-day in 
Poland. 
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The grounds for my determination lay in the finding that 5.5 per cent | 
of the nutlets from Mizerna and 4.5 per cent of those from Kroscienko 
were broader than they were long. To-day such a high percentage of 
markedly broad nutlets may be found only in samples composed solely or | 
almost solely of nutlets of the species C. betulus. ! 

In order to make quite certain that my reasoning was correct, I en- | 
deavoured to assure myself in the first place that these broad Pliocene 
nutlets actually had the anatomical structure characteristic of the species] 
C. betulus. There were 11 nuts of this description in the materiai from || 
the Upper Pliocene. They were of varying length, as may beseen in ‘able I. 


Tiaibiwewk 
Tabelal 


LENGTH OF NUTLETS BROADER THAN LONG 
DLUGOSC ORZESZKOW SZERSZYCH OD SWEJ DELUGOSCI 


: Length in mm 
Tocalty Dlugosé w mm n 
Miejscowosé ; 
Wel ,9 eZ, 2502.5) 2S ines, | 3,7 | 4,0 | 4,3 | 4,6 
Mizerna (Upper Pliocene) —;—]|1 0 2 | 1 Z 3 1 1 11 
Kroscienko (Lower Pliocene) 1 1 0 0 3 | 4 1 1 | —|— 11 


Photographs of six ‘broad nutlets from Mizerna are shown in Plate VI, 
and a seventh is placed at the top of Plate VII. As in Plates III—V, sections 
of the nuts magnified about 15 times and details of the sections 
magnified about 50 times have been placed beside the photographs. The 
photographs of the sections were not always taken exactly in the broadest 
part of the nutlet, because a section of this kind was not always suitable 
to photograph; none the less they contain all the characters of the anatom- 
ical structure of the given nut. The characters typical of the species 
C. betulus are here clearly marked; 1. the walls of the pericarp are rela- 
tively thick, 2. their thickness is not uniform, and the surface is distinctly 
ribbed, 3. there are cells with a large lumen in the medial part of the 
pericarp. These cells were sometimes very much flattened, so that the 
lumen was seen only as a black mark in the cenitre of the flattened cell, 
as for instance in the section D3 in Plate VI, where there is seen every 
transition from cells with the lumen still distinct to cells with the lumen 
completely flattened. In some sections there may be seen the remains of 
the perigone with round, readily distinguishable bundles, usually situated 
in the convexities of ‘the ribs. : 

The anatomical investigations completely confirmed the hypothesis 
that 5.5 per cent of the nutlets from the Upper Pliocene at Mizerna, 
broader than they were long, belonged to the Carpinus betulus type. 
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Further anatomical investigations of the fruits from the Upper Pliocene 
at Mizerna (for in my material only this sample represented the Upper 
Pliocene), were made in order to ascertain whether all the nuts belonged 
to 'the betulus type, or whether there was some admixture of any other 
type. I also wanted to see clearly what the variability of anatomical 
characters in nutlets from ‘the Upper Pliocene was like, and also what 
were the differences in the degree of preservation of these characters in 
particular fruits. 

The material from Mizerna consisted of 200 undamaged nutlets, 
examined biometrically, and a number of more or less damaged nuts. For 
the ‘anatomical investigations I took some of the nuts which had been 
examined biometrically, in order to see whether it was possible to 
observe the external and internal structure of these fruits at the same 
time. My first intention was to make an anatomical study of about 100 
nutlets from Mizerna, but by working in this fashion I should have been 
deprived of half my material which, although it would remain in the form 
of measurements, of photographs taken with the same magnifications and 
silo possible to compare accurately, and of sections which have been all 
carefully preserved, yet would not have been available for other investi- 
gations, if some new and more efficient method of research on the historical 
evolution of plants were to be discovered. For this reason I did not wish 
the destruction of so much of my material. Besides, the effort and time 
necessary for this investigation would have been so great that the ending 
of my work, already so prolonged, would necessarily have been delayed. 
Nevertheless I took 76 nutlets from Mizerna for examination, including 
the 11 fruits broader than they were long already described. Four were 
damaged in sectioning, so that finally anatomical investigations were made 
on 72 nutlets, i. e. 36 per cent of the material. 

In selecting the nutlets for investigation, I ‘tried to include all classes 
of length in more or less the same proportion, as is seen from 
table 2. Nutlets of various shapes from broad to extremely narrow were 
chosen. 

The results of the anattomical investigations of hornbeam nutlets from 
Mizerna have been set out in the lower part of table 2. I reckoned 69 
nutlets, i. e. about 96 per cent, as belonging to a species of the Carpinus 
betulus type, and 3 nutlets, i. e. about 4 per cent, to a species with 
a different anatomical structure. The typical character of these three 
fruits was the uniformly narrow pericarp, not broadened on the poles, 
and with the external part composed of small cells with no distinct lumen. 
The lumina of the internal cells were slightly larger, and after compression 
were shown as a band of small lines patrallel to the surfiaice of the pericarp, 
but not reaching to the interior of the poles, as was characteristic of nuts 


Tableg 
Tabela 2 


INVESTIGATIONS ON THE ANATOMY OF THE NUTLETS FROM 
THE UPPER PLIOCENE IN MIZERNA 
BADANIA ANATOMICZNE ORZESZKOW Z GORNEGO PLIOCENU 
W MIZERNEJ 


Length of nutlets in mm 
Diugosé orzeszkow w mm 


2,5 2,8 | 3,1 3,4 3,7 | 4,0 | 4,3 | 4,6 | 4.9 | 5,2 | 5,5 | 5,8 | 61) mo 
a , sls 


: | 
Investigated biometri- 


cally 2 O }ld ) 140) 19.1) 399 25298 eS et ao 5 1 | 200 
Zhadano biometrycznie | | 


Investigated anatomi- 


cally LO) SFA OAD) Sh tea Ss eo oe 
Zbadano anatomicznie 


— oSeor = ae — + 


The results of the anatomical researches 
Wyniki badan anatomicznych 


2,5 | 2,8 | 3,1 | 3,4] 3,7 40/43/46, 49 | 5,2] 5,5|5,8|61| n 
~ | ty = I 
Type C. betulus 14 On) 24) 27. Sale O a 7 WelOraee Sial eS a ee ene) 
Typ C. betulus | | 
Another type ee Need il eal eae | ee 1 = 3 
Inny typ | 
Damaged OT Ag ee Rg Ce een: | Men Poi fe 4 
Zniszczone 
a aa i 
WP is “Sol sega ee 124) 8c) Ed 1 S|) 3 1 | — | 76 


of the C. betulus type. Nutlet M in Plate VII and E in Plate XI is the — 
representative of these fruitlets. 

The nutlets determined in table 2 as belonging to the Carpinus betulus — 
type were not uniform anatomically. In section, they exhibited a much 
greater variability than I have observed in nutlets from the Quaternary. 
The differences lay principally in ‘the thickness of the pericarp. Besides | 
nutlets with a notably thick pericarp, I also found some with a thin peri- 
carp but having characters typical of C. betulus. It was difficult to decide 
whether these differences were caused by an uneven degree of fossilization, 
or whether they were a congenital character of a population of the Pliocene 
species. The division of these nutlets according ‘to tthe thickness of the 
walls of the pericarp is shown in ‘table 3, where it is seen that the thick- 
ness of the pericarp was not connected with the dimensions of the nut. — 


. 
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It was also not connected with its shape; evidence of this is given in 
Plate VII, which represents various types of pericarp found at Mizerna, 
from the very thick to the very thin. In both: the notably narrow nutlet B 
and the nutlet D, broader than it is long, the walls of ‘the pericarp are very 
thick, while in the similar nutlets K and H they are thin. Again, as far as 
the thickness of the walls went, there was no distinct difference between 
nutlets H—L of the Carpinus betulus type and nutlet M, which I have 
assigned to ,,another” type. 


Ear Ivars 
Table 3 


THE CLASSIFICATION OF FRUITS OF THE TYPE C. BETULUS 
FROM MIZERNA (UPPER PLIOCENE) ON THE BASIS OF THE THICKNESS 
OF THEIR PERICARP 


PODZIAL ORZESZKOW TYPU C. BETULUS Z MIZERNEJ 
NA PODSTAWIE GRUBOSCI SCIAN PERYKARPU 


: Length of nutlets in mm 
Wall of pericarp sae oe 

ait Dtugosé orzeszkow w mm n 
Sciana perykarpu Se Se eee ee 

poi S58) SoM 4h ody tal 4,0 [453 14,6214 9 | 5521 .5,5:105,8 


Very thick | | | | | | 

Bardzo gruba OW ee aa) el Of) al ah ies I ih |} 1 

Moderately thick | | 

Srednio gruba a Not ied er ita Sell oS. 2h Ta) eae? 

Thin 

Cienka ts pe ee | =| 52 : 4; 2| — | 33 
1 Ol Ziyi Ob tO | a7 je To) i Saino 1 | 69 


It was now to be established which of the ‘thin-walled hornbeam fruits 
which I had examined anatomically in 1953 could give, in a fossil state, 
a picture similar to that seen in Plate VII in nutlet My magnified about 15 
times and in Plate XI, Ez; magnified about 50 times. Here it seems the most 
probable that the species is Carpinus orientalis. The nutilets of this, as 
follows from the descriptions in the paper of 1953 and from Fig. 1 C, and 
ohotograph B on Plate XI have a pericarp the exterior of which is con- 
structed of small roundish cells with slightly folded ‘thick membranes, 
while in the interior the cells are somewhat larger, and often elongated 
oarallel to the surface. In this species also there are no differences in the 
structure of the pericarp on the poles or in the centre of a section of the 
wutlet (Plate II). In nutlets of the species Turczaninowti, Tschonoskii and 
axiflora there is no such difference in the dimensions of the cells in the 
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external and internal parts of the pericarp walls, and in addition there 
also appear characteristic groups of cells on the poles. In the species 
C. caroliniana a distinct ribbing of the pericarp appears. Hornbeams of the 
section Distegocarpus i. e. C. japonica and C. cordata and species of the 
genus Ostrya do not come into the question here, as their nutlets have 
an entirely different and very characteristic shape and anatomical 
structure. 

As a result of my studies on the nutlets from the Upper Pliocene at 
Mizerna I ascertained that 96 per cent of the fruits of the genus Carpinus 
found there had an anatomical structure entirely similar to that of the 
present-day species C. betulus. The remaining 4 per cent had an anatomical 
structure similar to that of the recent fruits of C. orientalis. The length 
of these nutlets was 3.1—4.3 cm. Since the length of the nutlets of the | 
contemporary C. orientalis is 3.12—4.75 cm, the dimensions of the nutlets 
of this type found at Mizerna would correspond to those of the recent 
nutlets. | | be ee 

Besides the nutlets from Mizerna, of ia period which Professor ‘Siatad 
assigned to the Upper Pliocene, 19 hornbeam nutlets, of which the external 
appearance showed that they had been transported from a considerable 
distance, were found in higher-lying strata in the same locality in a well. 
about 3 metres deep which had been dug there. In these, the perigone was 
completely torn away, and often the outer part of the pericarp as well. 
A high degree of carbonization of the tissues could be seen in anatomical - 
preparations. As regards their dimensions these nutlets corresponded to |} 
those of hornbeams from the Upper Pliocene, and their external and jj 
internal appearance gave evidence that in spite of coming from strata | 
lying higher than the Upper Pliocene deposits, they were not younger than | 
these. They were not therefore an indirect link between the nutlets from | 
the Upper Pliocene and from the Quaternary already described, and | 
perhaps they were lying on a secondary deposit. Photographs of nutlets | 
from the well at Mizerna are shown in Plate VIII. They all belong to the © 
type of Carpinus betulus. 

The hornbeam nutlets from the Lower Pliocene at Kroscienko which 
were studied anatomically were part of a sample of 300 nutlets character- 
ized biometrically in 1960, 1. This was a sample which included materials 
determined by Professor Szafer as C. betulus L. fossilis and as C. cf. Tscho- — 
noskii Maxim. (Szafer 1947). I examined 63 of these, with particular | 
reference to the smaller nutlets; Professor Szafer was undecided whether - 
to assign these to the species C. betulus fossilis or |to the species cf. Tscho- 
noskit. The nutlets from Krogcienko were more brittle and harder to section 
than those from Mizerna, so that 15 were damaged in cutting and the 
final studies were made on 48 nultlets (table 4). 
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As in the investigations on the material from Mizerna, I tried first of 
all to assure myself ‘that the 11 nutlets broader than they were long found 
at Kroscienko had the anatomical structure characteristic of nutlets of the 
C. betulus type. The results were similar to those of the examinations of 
the nutlets from Mizerna. In spite of the sometimes very small dimensions 
of these nutlets (table 1), they certainly belonged to the type of C. betulus. 
Hence it was logical to conclude that the majority of the Kroscienko nut- 
lets must also belong to this type. Photographs of 7 nutlets broader than 
they are long are given in Plate IX. 

Plate LX, when compared with Plate VI, showing the analogous nutlets 
from Mizenna, will help ‘to make clear ithe anatomical changes in the fossil 
hornbeam nutlets occasioned by lying in the ground for so long. The differ- 
ence between the subfossil material and the nutlets from the Riss-Wurm 
and Mindel-Riss Interglacials consists mainly in the fact that the lumen 
in section becomes markedly smaller as the geological age of the nutlets 
rises, while the thickness of the walls is insignificantly lessened, but the 
difference in the thickness of the walls between the nutlets broader than 
they are long from the Upper Pliocene at Mizerna and the Lower Pliocene 
at Kroscienko is striking. The fruitlets of the genus Carpinus found at 
Kroscienko exhibit a far-advanced degree of fossilization, shown not only 
in their grealter compression but in distinct defects in the organic material, 
so that the walls of the nutlets became much thiner. This is particularly 
striking if the nutlets of the same dimensions shown in Plates VI and 
IX are compared. Outwardly, they look the same and do not betray 
any such differences in the degree of fossilization as are shown in the 
sections. The flattening of the nutlets is also shown clearly in the lumina 
of the large cells of the pericarp. Comparing photographs of particular sec- 
tions, magnified about 50 times, it is seen that in the Mizerna nutlets these 
lumina are still quite clear, while in 'the Kroscienko nutlets they are usu- | 
ally outlined only as dark bands, penetrating far into the poles of the sec-— 
tions. If this picture is compared with the section of Carpinus betulus in 
Plate II and in the Plates III—V, it is clear that these bands are nothing 
else but the flattened cells with large lumina which in the recent species 
C. betulus are found in the medial layer of ‘the walls of the pericarp, and 
on the poles of the nutlets fill.a large part of their interior. 

Attention is called to the thickness of the pericarp on the poles, mark- 
edly greater than on the sides, in sections C3—Gs3 of Plate IX. This is in 
connection with the lateral compression of the nutlets (cf. Fig. 3 and the 
paper from 1960, 1, p. 7). 

Another thing which is striking in Plates VI and IX is the dimensions — 
of the nutlets broader than they are long. Almost all the classes of size in 
these nutlets are found ‘both at Mizerna and at Kroscienko, as is clearly 
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seen from table 1. One of the two smallest nutlets found at Mizerna, 2.4cm 
in length, and one of the two smallest found at Kroscienko, 1.9 cm in 
length, were broader than their length and when studied anatomically ex- 
hibited characters of the species C. betulus in structure (Plate VII, A and 
‘Plate IX, A). This gives evidence that not only the larger nutlets at Kro- 
. Scienko belonged to the C. betulus 
‘type, but also the smaller ones. 
!When Professor Szafer hesitated 
whether the small nutlets from 
the Lower Pliocene at Krogcienko 
' should not be assigned to the C. be- 
‘tulus type and not, as originally 
| supposed, to C. cf. Tschonoskii, he 
‘was right. Besides the nutlets 
igreater in breadth than in length 
I also examined anatomically 37 
nutlets from Kroscienko, of which 
| 34, i. e. 92 per cent, I assigned to 
pine C. betulus type, and 3, i. e. 
8 per cent, exhibited a structure 
\similar to C. orientalis (Plate X, 
‘Mand P). In this sample of nutlets, 
‘however, none were found that 
‘resembled the recent C. Tschono- 
‘skit in their anatomical structure. 

It is interesting to compare the 
analogous Plates VII and X. Both 


demonstrate the transition from PY* 3 Diagram representing the effect 
of vertical compression in sediment on 


the thick-walled to the thin-walled a pericarp of a Carpinus betulus fruit 
nutlets, found in the deposits men- (cf. J. Walton 1936). 

tioned. A comparison of these Ryc. 3. Schemat przedstawiajacy efekt pio- 
[Plates shows that at Kroscienko. nowego ucisku osadow na perykarp orze- 
there did not appear nutlets with szka Carpinus betulus (por. J. Walton 1936). 
such thick walls as at Mizerna. 

When compiling table 5, similar to table 3, I did not insert the ca- 
tegory ,,Very thick pericarp”, but introduced a new category, ,,Very thin 
pericarp”. This is connected with the further-advanced fossilization. 

In Plate X, the section of one of the two large nutlets found at Kro- 
Scienko is of special interest. These nutlets, 6.4 and 7.0 cm in length, were 
those of which I wrote in the biometrical part of this paper (1960) that on 
the basis of the measurements they could not belong to the same pop- 
ulation as the other Pliocene nutlets. In spite of the partial absence of 
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the perigone, the nutlet examined is very well-preserved morphologically, 
and the extent to which fossilization has advanced can only be seen in 
section. There is no doubt that this nutlet belongs to the C. betulus type. 

Observation of the sections of Kroscienko nutlets, of which some are 
shown in Plates IX and X, led me to conclude that the difference noted in 
the thickness of the walls of nutlets from the Upper Pliocene at Mizerna 
were probably not caused by any essential differences in thickness in the 
population of that time, but by the varying degree of fossilization and 
compression in the fruits. The preservation of the perigone both in nutlets 


Table 5 
Tabela 5 


THE CLASSIFICATION OF FRUITS OF THE TYPE C. BETULUS 
FROM KROSCIENKO (LOWER PLIOCENE) ON THE BASIS 
OF THE THICKNESS OF THEIR PERICARP 
PODZIAL ORZESZKOW TYPU C. BETULUS Z KROSCIENKA 
NA PODSTAWIE GRUBOSCI SCIAN PERYKARPU 


Wall of pericarp We 
Seine per aied MOE 25 i 3,1} 3,4} 3,7| 4,0] 4,3) 4,6] 4,9) 5,2] 5,5] 5,8] 6,1/6,4mm) n 


Moderately thick 
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Bardzo cienka 


with thick and with thin pericarps (cf Plates VI and VII, Jo) shows that | 


these nutlets were not transported from 1a distance and were lying on the 
primary deposit; yet the period during which they were deposited must 
have lasted for a long ‘time, and the conditions under which the processes 
of fossilization occurred must have varied, so that the differences in the 
thickness of the walls may have arisen from this. Of course, this is only 
a supposition. 

Besides the material already described, there were still in the collec- 
tions of the Botanical Institute 25 of the nutlets sorted out by Professor 
Szafer from the Pliocene deposits at Krogcienko and determined as C. la- 
xiflora (Szafer 1947). I studied these biometrically anid compared the arith- 
metic means of their characters with those of the species C. betulus. The 
fossil nutlets proved to be closer in shape to C. betulus than to the con- 


19 


temporary species C. laxiflora, but the low situation of the broadest part 
and the fairly acute angle of their apex were characteristic of the species 
laxiflora. 

Since I was already convinced that the determination of fossil nutlets 
of the genus Carpinus by their external appearance is fallacious, I made 
sections of 6 nutlets, determined by Professor Szafer as belonging to C. la- 
xiflora, in order to examine their anatomical structure. The results were 

| interesting. One of the nutlets examined had a structure typical of C. be- 
' tulus, a second should probably have been assigned to the same species, 
a third had ‘the characteristic structure of the orientalis type, while the 
' other three presented a picture which I have hitherto never encountered. 
_ They were not flattened, thin-walled, and in transverse section were not 
oval but tapering sharply towards the two jpoles, so that in section they 
resembled the shape of a lemon (Plate XI, G). A similar picture was given 
by sections of the recent species C. laxiflora and C. Tschonoskii (v. Plate 
Ii). It was difficult for me to judge to which of these species my three 
fossil nutlets approached most closely, since their internal structure was 
rather damaged. We have, however, a proof ‘that either both or one of 
these species grew sporadically in the forests of the Lower Pliocene in the 
foothills of the present Carpathians. 

In this case, the eye of 'an experienced botanist was able ito distinguish 
| something foreign to the C. betulus type in the shapes of the majority of 
| the nutlets described. 

The result of the anatomical studies of the Pliocene nutlets determined 
by Professor Szafer as C. laxiflora led me to examine by the same method 
| asample of several nutlets, assigned to the Pliocene type of C. Tschonoskii, 
' found in the Palaeobotanical Museum of the Botanical Institute. These 
 nutlets were not included in the sample of 300 nutlets from Kroscienko 

which had previously been examined biometrically. 
Anatomical studies showed that out of 8 of these nutlets 6 belonged to 
the C. betulus type, and 2 to the C. laxiflora or possibly to the C. Tscho- 


| noskii type, of which I have written above. This was a further proof that 
. in southern Poland during the Pliocene there grew hornbeams which do 
. not grow there now. 

Since the materials from Kroscienko which I obtained for detailed elab- 
' oration had already been sorted and some of them already distributed as 
- exhibition material to the Botanical Institute and to the Geological Insti- 
! tute in Warsaw, it was difficult to determine the exact percentage relation 
q in which these species of hornbeam, no longer extant in our country, grew 
i in the Polish Pliocene forests. This percentage, however, could not have 
» been high. 
os 
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4. THE NUTLETS FROM THE MIOCENE 


As I have already written in the biometrical part, the Miocene horn- 
beams were represented in my research by two samples. One came from 
the Middle Miocene at Gliwice in Silesia, and the other (probably a little” 
younger) from the sediments deposited at the foot of the Tatras on the 
slopes of the hill named ,,Domanski Wierch”. The age of these deposits 
has not been definitively determined, and the flora found there has not 
yet been elaborated. 

The nutlets from the Miocene salt deposits at Wieliczka in my posses- 
sion were so few that their investigation can be only of orientational si- 
gnificance. 

The result of the biometrical studies left unanswered the question of 
what species the nutlets from Gliwice and Domanski Wierch belonged to. 
The nutlets in both samples were morphologically very like those of 
C. orientalis, which seemed to me rather strange because ionly involucres 
of the C. betulus type had ‘previously been found in Poland, but none at 
all of the C. orientalis type (Jentys-Szaferowa 1958, 1960). After carrying 
out anatomical investigations which indicated ‘that probably the C. orien- 
talis type occurred in Poland during the Pliocene, although playing a very 
small part in the forests of that time as compared with the C. betulus ‘type, 
it seemed more possible for the orientalis type to have occurred in the 
Miocene forests, and so the result of the anatomical studies on the Miio- 
cene fruitlets of the genus Carpinus was of all 'the more interest to me. 

I made anatomical studies of 13 nutlets from the Tortonian Flora at 
Gliwice. Photographs of 11 of these and of 'their sections are shown in 
Plate XII. The picture gives. an idea of the degree of fossilization of the 
hornbeam fruitlets which had been lying in the ground since the Middle- 
Miocene. In spite of the well-preserved morphological structure of the | 
nutlets, in transverse section they look like marrow bands almost entirely | 
devoid of any traces of their original anatomical structure. Careful observ- | 
ation of the nutlets under high magnification, using a good microscope, 
showed that their structure is similar to that of the fossilized nutlets from 
the Lower Pliocene which I assigned to the C. betulus type. The black 
marks, the remains of cells with large lumina, are here particularly char- | 
acteristic. These marks enter the distincly broad poles in the sections. Out 
of the 13 nutlets examined, I did not find even one of the C. orientalis 
type, although the external appearance of ‘the fruitlets suggested that they 
belonged to this. Though after anatomical examination of only 13 nutlets 
from Gliwice it cannot be said that solely ithe C. betulus type appeared 
there, it was certainly distinctly predominant. 
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The finding of nutlets of the C. betulus type in Middle Miocene depos- 
its in Silesia is in accordance with the previous discoveries of fruit scales 
of the genus Carpinus, as at a distance of 200 km from Gliwice in this pro- 


_ vinee there is the locality of Sosnica (Schossnitz), well-known to palaeo- 


botanists, where Goeppert made the richest finds of hornbeam involucres 
from the Middle Miocene so far known. I drew 27 of these involucres in 
a paper published in 1958. They are all of the C. betulus type, with the 


exception of two, which show a certain similarity to the C. caroliniana 


type. It would not be strange, therefore, if a hornbeam of the C. betulus 
type also grew at Gliwice in deposits not much older than those at Sosnica. 


_ Only the fact that the shape of the Miocene nutlets from Gliwice does not 


coincide with that of the C. betulus type from the Pliocene at Mizerna and 
Kroscienko seems strange. Indeed, nutlets of the C. betulus type sometimes 
occurred there also in a narrow and sharp-ended form, and even at Mi- 
zerna the average ratio of length to breadth was much ‘hhigher than in the 
present species C. betulus, but I also found other shapes as well there, and 
a significant percentage appeared even of nutlets broader than they were 


| long (Plates VI and IX). 


Out of the 218 nutlets found at Gliwice only one was broader than 
long, i. e. about 0.5 per cent (Plate XII A), three were as broad as long, 
and the rest were shaped like nutlets B—H in Plate XII. 

Having ascertained that the comparatively narrow nutlets with sharp 
ends found at Gliwice belonged to the Carpinus betulus type, in spite of 


their external similarity to the orientalis type, the determination of fossil 
_ mutlets of the genus Carpinus solely on grounds of shape is seen to be 


fallacious. How it could have happened that nutlets of two different spe- 
cies which can now be very realdily distinguished anatomically and mor- 


_ phologically could have been similar in shape in the Miocene, however, is 
a question that still remains to be answered. Here there is no question of 


a lack of difference in the size, as we already know that in the Tertiary 
hornbeams of the C. betulus type had much smaller nutlets than in the 
Quaternary, and so at that time there may not have been any distinct 
difference in size between fruits of the betulus and orientalis types. 

A certain light has been thrown on this problem by Grossheim’s note 
on the recent Caucasian hornbeams, assigned to the species C. betulus 
(1940). This author studied the fruits of 75 specimens of the species C. be- 
tulus in Central Europe, ranging from the Lower Rh6éne to beyond Czer- 
nichow, taking one fruit froma tree, and on the other hand a similar sam- 
ple from the Crimea, the Caucasus and Asia Minor, and found that the 
nuts of these last are much narrower and sharper-ended. This character 
is, in Grossheim’s opinion, so typical that although the Caucasian horn- 
beams are not distinguished from the species C. betulus as regards other 


Za 
characters, yet it is sufficient to rank the Caucasian hornbeams as a sepa- 


rate species, to which he gave the name of Carpinus caucasica (Fig. 4, 
Plate XIV). 
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Fig. 4. Above, nutlets of Carpinus betulus L. collected from 70 trees (v. Fig. 5, D). 
Below, nutlets of Carpinus caucasica A. Grossheim, collected from 70 trees 
(v. Fig. 5, E). From Grossheim. 


Ryc. 4. U géry orzeszki Carpinus betulus L. zebrane z 70 drzew (patrz ryc, 5) DD) 
U dotu orzeszki Carpinus caucasica A. Grossheim zebrane z 70 drzew 
(patrz rye. 5, BE). Wedtug Grossheima. 
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The mean values of the characters of C. betulus and C. caucasica mea- 
sured by Grossheim are as follows: 


Number of 


Species | Number of Length of Breadth of |Length-breadth 
| trees fruits fruits fruits ratio 
C. betulus 75 75 6,22 mm 5,9 mm 1,1 
C. caucasica US 5,78 mm 4,45 mm 3 


WS 


Grossheim’s observation gives much food for thought. Evidently, ‘besi- 
des the local variability, of which I wrote in my morphological studies on 
the fruits of Carpinus, the species C. betulus has a variability linked with 
geographical situation over the area of its range. Hence the narrow-fruited 
form C. caucasica described by Grossheim occurs over the whole south- 
eastern limit of the range of this ‘tree. It is difficult to say at present whe- 
ther the local differences in the breadth of the nuts which I demonstrated 
-in 1960 in Figs. 2 and 5 also occur over this area. If, however, there are 
any, these vary on another scale, viz., the scale of more or less narrow 
fruits with relatively sharp apices. 

The opposite of the narrow-fruited hornbeam, which is perhaps an eco- 
logical type connected with a warmer climate, is probably the hornbeam 
with relatively broad and blunt-ended fruits which occupies the northern 
parts of the range and is connected with a more severe climate. When I 

was working on the variability of the species C. betulus for the paper pub- 
lished in 1953 I elaborated a whole series of local samples from various 
parts of Europe. At that time it struck me that samples coming from jpla- 
ces lying in the south of Europe or in the west not far from the Atlantic 
usually had narrow shanp-ended nutlets, while samples from the north- 
eastern part of the range had broader nutlets. Similarly, in Switzerland, 
the higher the locality where the sample was gathered, the broader the 
nuts. I should have liked to have shown this on a map, but my material 
was too small for such a generalization and so I confined myself to de- 
scribing this observation in 1953. It has now been shown that my former 
supposition was probably correct. 

On the map shown in Fig. 5, I have marked on the whole range of C. be- 
tulus two areas. One of these is the area in which, according to Gross- 
heim, Carpinus caucasica occurs (E), and the other is the Polish area from 
which I measured a sample of 400 nutlets of C. betulus (B). This area lies 
near the northern limits of the range of this species. Two completely dif- 
ferent types of C. betulus fruits appear in these areas; narrow or sharp- 
ended in the south, broad and blunt-ended in the north. Although within 
Poland there are local variations, which I presented in Fig. 5 in 1960, the 
general type differs from that in the south. 
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Let us now turn our thoughts to the shore of a great bay of the mid- 
Miocene Mediterranean, i.e. the Parathetys. This shore ran through Poland 
along the line Wieliczka-Gliwice-Sognica, where now rich Miocene flora 
are found. If at that time C. betulus had the same involucres and anatomy 
of its fruits as the C. betulus of to-day, it might also have had a similar 
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a eT 
Fig. 5. A — Area of the species C, betulus. B — The P 


olish region. C — Local 


E — The region from which tthe 75 trees of Carpinus caucasica A. Grossheim 
came (v. Fig. 4 and Plate XIV). 

IEA) By Ay Zasieg gatunku C. betulus. B — Terytorium Polski. 

C. betulus zbadane przez J. Jentys-Szaferowa (@953) aaa Teryt 

pochodzito 75 drzew C. betulus L., zbadanych przez Grossheima (p 

Terytorium, z ktérego pochodzito 75 drzew Carpinus caucasica 
(patrz ryc. 4 i Tablica XIV), 


C — Stanowiska 
orium, z ktérego 
atrz. rye, 4), hs 
A. Grossheim 
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local variability, and in that case it would not be strange if on the Ter- 
tiary bay of the Mediterranean there had grown a form of hornbeam like 
that growing to-day by the Mediterranean and Black Sea, a form probably 
connected with a warmer and humid climate. 

At Sosnica Goeppert found many hornbeam sheaths and leaves, but no 
fruits. By very careful washing of the material from Sosgnica, however, 
sometimes hornbeam fruits may also be found, often well-preserved, as for 
instance the nutlet in Plate XIV. In shape they are as relatively narrow 


/ and markedly tapering as the nutlets of the C. betulus type from Gliwice, 


which supports my hypothesis. 
I made anatomical studies of 12 fruits of the genus Carpinus found in 


| the Miocene deposits on Domanski Wierch sat the foot of the Tatras. They 
| were all longer than they were broad, and sharp-ended. Their walls were 


so compressed that they appeared as thin plates and often disintegrated 
while being cut; the ribs were preserved only in a few sipecimens. Obser- 


| vation of the sections under high magnification showed that some of these 
fruits belonged to the C. betulus type (Plate XIII, D—F and H—L); it was 


difficult to determine the others, because their anatomical structure was 


indistinct. Some of them showed a resemblance to C. orientalis. On Do- 


/manski Wierch there was perhaps not such an uniform type of hornbeam 
fruit as at Gliwice. 


i 


I had for investigation only 5 nutlets from the Miocene salt deposits 


at Wieliczka near Cracow, the age of which has been determined as the 
| Middle or Lower Miocene. Photographs of these nutlets are shown in 


Plate I, 1960. They have been described by J. Zablocki under the name of 
Carpinus polonica. They had the character in ‘common that they were not 


| flattened and even nutlet Jo was so well-preserved that it gave a very 


clear idea of what the fruits of the Miocene hornbeams once looked like. 
Besides these, I had a few badly damaged nutlets, from which I endea- 


'voured to make sections. They were so brittle, however, that they fell to 
| pieces, although I had attempted to fix them before sectioning by satur- 


ating them with a solution of celloidine. A fragment of these sections is 


| shown in Plate XIV, A. 


The picture of the sections of nutlets from Wieliczka was different 


from that of the flattened nutlets from other Tertiary deposits. The walls 
_of the fruitlets were comparatively thick, and full of orifices, so that they 
looked like coarse lace. The places through which the light came were not, 


however, the interiors of cells, but chiefly hollow spaces between cells sep- 
arated from one another by decaying tissue. In the outer part of the pe- 
ricarp these cells were not very large and were unflattened, and in the 


‘inner part there was a layer of cells elongated parallel to the surface. It 


is difficult to say to what species the fruits from Wieliczka belonged, ex- 


26 


cept that their shape resembled the narrow, sharp-ended fruits of the 
C. betulus type found at Gliwice and the fruits, already described, from 
Sognica, where the numerous hornbeam fruit involucres show that only 
the C. betulus type grew there. 


5. SUMMARY 


Summing up the results of my research on fossil nutlets, I have come 
to the following conclusions: 

1. During the Polish Tertiary, the predominating hornbeam was of the 
C. betulus type, with fruits having the same structure as the recent spe- 
cies, but markedly smaller and often narrower. 

2. The C. betulus type occurred in the Miocene forests either alone as 
at Gliwice or Sognica, or mixed with other species, as at Domanski Wierch, 
one of them probably belonging to the orientalis type. 

3. In the Lover Pliocene, besides the prevalent C. betulus type, a small 
percentage of a hornbeam of the orientalis, and perhaps Tschonoskii or 
laxiflora type was preserved in the forests in areas now belonging to Po- 
land. 

4. I found no fruits at all of the laxiflora or possibly Tschonoskii type 
from ‘the Upper Pliocene, but only fruits of the Carpinus betulus type, in 
the small-fruited form, and very occasional fruits of the orientalis type. 

5. Besides the species mentioned, as early as the Lower Pliocene, 
a large-fruited species of Carpinus betulus, not differing in the least from 
the recent species, occurred, 'but only in very small numbers. It is pro- 
bable that the Tertiary species of Carpinus betulus type, characterized by 
small fruits, was connected with the warmer climate and did not survive 
the Ice Age. The large-fruited Carpinus betulus survived the Ice Age in 
Kurope and in the Holocene spread over almost all this region. 

6. Fruits from the Quaternary did not differ in dimensions and in ana- 
tomical structure from the recent fruits of Carpinus betulus. 

As may be seen from this presentation, the results of the anatomical 
studies have coincided with those of the morphological. However they have 
made a further contribution to our knowledge of the Polish fossil horn- 
beams, since on the one hand they have thrown some light on the species 
of hornbeam now foreign to the Polish flora but which were still growing 
in Poland, though rarely, in the Pliocene, and on the other hand have 
strengthened our conviction that the species of C. betulus type is an old 
one which was growing in abundance in Poland during the Middle Mio- 
cene and probably still earlier. 


Zi 


These anatomical studies have also shown how fallacious the determina- 
tion of fossil hornbeam fruits may be if made only on the basis of their 
morphology, and on the other hand how important it is when doing re- 
search on fossil materials to consider the ecological and geographical as- 
pects of the population, to which the investigated plants once belonged. 
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STRESZCZENIE 


1. CEL. I METODA PRACY 


Badania morfologiczne nad kopalnymi orzeszkami grabu w Polsce 
(1960) nie rozstrzygnely w peli historii tego drzewa. To mie sktonilo do 
opracowania tego samego materiatu z punktu widzenia budowy anatomicz- 
nej. Mialam nadzieje, ze uda sie moze wyjasni¢ na tej drodze zagadnienia, 
na ktoére badania morfologii orzeszkoéw nie daty odpowiedzi, a rowno- 
czesnie potwierdzi¢ wnioski wysnute z badan morfologicznych. 

Wyniki badan morfologicznych przedstawialy sie nastepujaco: 

1. W holocenie i w interglacjale Riss-Wiirm rést w Polsce grab, ktorego 
owoce miaty ten sam ksztalt i te sama zmiennos¢ wewnatrzgatunkowa, 
co dzisiejszy gatunek C. betulus. 

2. Crzeszki grabu pliocenskiego mialy ten sam ksztalt, co C. betulus, 
ale byly znacznie mniejsze. 

3. Oprécz powyzszych rést w pliocenie sporadycznie grab o owocach 
nie rdzniacych sie rozmiarami od wspdiczesnego C. betulus oraz prawdo- 
podobnie w maltym procencie gatunki typu C. orientalis i C. Tschonoskii, 
wzglednie C. laxiflora. 


4. Miocenskie orzeszki grabu bylty przecietnie nieco dhuzsze od poprzed- | 


nich, wezsze, ostro zakonczone i przypominaly rozmiarami i ksztaltem — 
orzeszki dzisiejszego C. orientalis. 

Badania anatomii orzeszké6w mialy na celu: LF 

1. potwierdzi¢ przynaleznos¢ matych orzeszkéw z ipliocenu do typu © 
C. betulus. | 

2. Okresli¢ przynaleznos¢ gatunkowag innych grabow, ktore rosty spo- | 
radycznie w pliocenie, oraz ich ewentualny stosunek procentowy. 

3. Okresli¢ przynaleznos¢ gatunkowa miocenskich grabéw 0 waskich, 
ostro zakonezonych orzeszkach. 

Podstawa, na jakiej sie opieratam w badaniach anatomicanych, byta — 
rozprawa, ktora oglositam w r. 1953 wspdlnie z mgr M. Biatobrzeska. Fo- 
tografie orzeszkéw najwazniejszych wspétezesnych igatunkow grabu zamie- — 
Scitam na Tablicy I, ich przekroje za§ na Tablicy II. Szczegélty budowy 
anatomicznej znalez¢é mozna na ryc. 1 i 2. 

Na Tablicach I i II widaé, ze gatunek C. betulus rézmi sie wyraznie od 
glownych gatunkéw zyjacych dzi§ grabéw. Sktadaja sie na to, (ploza roz- 
miarami orzeszkéw: szerokos¢ perykarpu, jego zeberkowanie oraz obec- 
nos¢ komérek o duzych Swiatlach w jego srodkowej ezesci. Poza tym za- 
znaczajq sie wyraznie okragtawe wiazki w stosunkowo szerokim perygonie. 
Cechy te sq niezalezne od rozmiaréw ‘orzeszkow (Tablica II, Ai—Ag). To 
budzito nadzieje, ze gatunek C. betulus bedzie mozna okreslié w stanie ko- 


ue 


palnym. Aby jednak okresla¢ na podstawie anatomicznej materiaty ko- 
palne, konieczna byla dokladna obserwacja, w jakim stopniu zachowuja 
sie charakterystycane cechy gatunku C. betulus przy fosylizacji. 

Odpowiedzi na powyzsze pytanie szukalam badajac coraz starsze 
orzeszki nalezace do gatunku C. betulus, analogicznie do tego jak postepo- 
watam przy badaniach biometrycznych. Wyniki badan ilustruja Tablice 
III—XIV, na ktorych zestawitam fotografie kopalnych orzeszk6w i ich 
przekrojow. Sa one robione w tej samej skali, dzieki czemu sq ze soba 
porownywalne. 


2. ORZESZKI Z CZWARTORZEDU 


Poroéwnujac stopniowo wspdiczesne orzeszki najpierw z materiatem 
z holocenu, a potem z miodszym, a wreszcie ze starszym interglacjalem — 
stwierdzilam, ze wskutek wiekszego splaszczania coraz starszych orzeszkow 
zanikalo przede wszystkim puste wnetrze perykanpu. Natomiast w Scia- 
nach perykarpu zmiany byly niewielkie. Poza tym mozna byto zaobser- 
wowac skale wahan cech charakterystycznych dla gatunku C. betulus. 
Szczegdtowe opisy znajduja sie w objasnieniach do Tablic III—V. 


3. ORZESZKI Z PLIOCENU 


Na podstawie badan biometrycznych zaliczylam wiekszos¢ orzeszkow 
grabu, znalezionych w gérnym pliocenie w Mizernej i w dolnym pliocenie 
w Kroscienku do typu C. betulus, mimo ich znacznie mniejszych rozmia- 
row. Podstawa tego okreslenia byto znalezienie w Mizernej 5,5°/o, aw Kro- 
$cienku 4,5°/o orzeszkéw szerszych od swej dtugosci, co dzis jest charak- 
terystyczne jedynie dla gatunku C. betulus. Orzeszki te spotykalam w ma- 
teriale kopalnym w prawie wszystkich klasach diugosci (tabela 1). Zba- 
dane anatomicznie, wykazaty cechy budowy charakterystyczne dla C. be- 
tulus, co potwierdzito hipoteze o przynaleznosci wiekszosci orzeszkow 
grabu z naszego pliocenu do typu C. betulus (Tablice VI i IX). 

Dalsze badania anatomiczne bylty robione na pozostalych orzeszkach 
pliocenskich, zbadanych poprzednio biometrycanie. Wybieratam przy tym 
rozmyslnie orzeszki rdznych ksztaltow i roéznych rozmiarOow (tabele 2 i 4, 
Tablice VII i X). Miato to na celu obserwowanie u typu C. betulus zmian 
anatomicznych, wywolanych fosylizacja, zwiazanie budowy wewnetrz- 
nej z ksztattem orzeszkow i ewentualne okreslenie innych gatunkéw grabu, 
ktére rosly w naszym pliocenie. W wyniku 'przysziam do wniosku, ze: 

1. Do typu C. betulus malezaly orzeszki r6znych rozmiaréw od szero- 
kich i tepych do waskich i ostro zakonczonych. Tu nalezat rowniez duzy 
orzeszek, 6,4 mm dtugi, znaleziony w Kroscienku. 

2. Sprasowanie wymienionych orzeszkow odbijalo sie nie tylko na ich 
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wnetrzu, ale ina ich Scianach. Wskutek jednostronnego ucisku zaznaczaia 
sie coraz wieksza roznica miedzy gruboscia perykarpu na bokach i na bie- 
gunach przekrojéw (ryc. 3). Rownoczesnie Swiatla komorek, lezacych 
w Srodkowej czesci perykarpu, zaczynaly zanikac, a w ich miejsce poja- 
wialy sie ciemne prazki, wchodzace gleboko w bieguny przekrojow (Ta- 
blica VI, Bg, Dg, Tablica EX, Ds—Gsg). 

3. W materiatach pliocenskich obserwowatam znacanie wieksze roznice 
w grubosci scian perykarpu poszczegélnych orzeszkow niz w materiatach 
czwartorzedowych. Trudno bylo zadecydowac, czy te rdznice byly cecha 
charakterystycznq dla pliocenskich orzeszkow typu C. betulus, czy tez byly 
one wywotane niejednakowym stopniem fosylizacji. 

4. Oprocz typu C. betulus spotkalam w Mizernej ok. 4°/o, a w Kro- 
Scienku ok. 8°/o orzeszkoéw inaczej zbudowanych. Na podstawie ich anato- 
mii zaliczylam je do typu C. orientalis (Tablice II i XI, Ryc. 1). 

Materiaty z Kroscienka, ktore otrzymalam do szczegdlowych badan, 
byly uprzednio przesortowane. Do pomiaréw biometrycznych uzytam 300 
nie uszkodzonych orzeszkow, ktore prof. Szafer zaliczyt do gatunkow C. be- 
tulus L. foss. i do C. cf. Tschonoskii. Ztaczylam je w jedng probe, prof. 
Szafer wyrazil bowiem watpliwosci, czy jego okreslenie jest dobre i czy 
mate orzeszki, ktore zaliczyt do gatunku C. cf..Tschonoskii nie sa po prostu 
drobnoowocowa forma C. betulus (W. Szafer 1947). Oprécz powyzszego 
materiatu znajdowalo sie w zbiorach Instytutu Botaniki w Krakowie 25 
orzeszkow, wysortowanych przez prof. Szafera, jako przynaleznych do 
gatunku Carpinus cf. laxiflora. Zbadaltam z nich anatomicznie 6 sztuk. Dwa | 
orzeszki miaty budowe C. betulus, jeden byt podobny do C. orientalis, prze- | 
kroje zas trzech pozostalych daty obraz dotychczas przeze mnie nie spo- © 
tykany. Byly one cienkoscienne, nie sprasowane i mialy w przekroju po- 
przecznym ksztalt cytryny. Podobny obraz daja przekroje dzisiejszych 
owocéw z gatunku C. Tschonoskii i C. laxiflora (Tablice II i XI). W tym 
przypadku oko wprawnego botanika dobrze wyrdznito w wiekszosci wy- 
sortowanych orzeszkow cos odrebnego od gatunku C. betulus. Wobec prze- — 
sortowania materiatow trudno mi powiedzie¢c, w jakim procencie wystepo- — 
wat ten typ w lasach jpliocenskich, nie mégt on by¢ jednak wysoki. 

Oprocz orzeszkow wyplukanych w Mizernej z glownego pokladu osa- — 
dow gornopliocenskich (Tablice VI i VII), malaztam w zbiorach Instytutu — 
Botaniki 19 orzeszk6w pochodzacych ze studni, wykopanej] w Mizernej © 
w warstwach powierzchownych, znacznie wyzej od pokltadow pliocenskich. — 
Liczytam na to, ze znajde tam moze formy posrednie miedzy pliocenskim 
gatunkiem typu C. betulus a grabami z czwartorzedu. Stan zachowania 
tych materialow, zniszczenie perykanpu ‘orzeszkow i zupelne pozbawienie 
perygonu nasunely mi jednak przypuszczenie, ze jest to material pliocen- 
ski znajdujacy sie moze na wtoérnym ztozu (Tablica VIII). 
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4. ORZESZKI Z MIOCENU 


Miocen byt reprezentowany w moich badaniach przez dwie prodby. 
Jedna pochodzita z miocenu srodkowego w Gliwicach, druga — prawdo- 
podobnie mtodsza — z Domanskiego Wierchu, polozonego na poludnie od 
Czarnego Dunajca. Z Wieliczki miatam tylko 5 orzeszkow, badanie ich 
mogto wiec miec jedynie znaczenie orientacyjne. 

Wynik badan biometrycznych postawit przynaleznos¢ gatunkowa 
orzeszkow z Gliwic i Domanskiego Wierchu pod znakiem zapytania. 
Orzeszki jednej i drugiej proby byty podobne morfologicznie do C. orien- 
talis, co wydawalo mi sie dos¢ dziwne wobec tego, ze znajdowano w Polsce 
dotychezas liczne miocenskie okrywy C. betulus, a nie znaleziono ani 
jednej okrywy typu C. orientalis. 

Z osadow tortonskich w Gliwicach zbadatam anatomicznie 13 orzeszkow 
(Tablica XII). Orzeszki te bylty bardzo sprasowane, jednak uwazna obser- 
wacja pod duzym powiekszeniem wykazala, ze budowa ich byta zupelinie 
podobna do budowy orzeszkow z dolnego pliocenu, ktore zaliczytam do 
typu C. betulus. 

Z Domanskiego Wierchu zbadalam anatomicznie 12 owocdw. Stwier- 
dzilam przy tym, ze cho¢ ten materiiat byt zaliczany do gornego miocenu 
(osady trzeciorzedowe z Domanskiego Wierchu opracowuje dopiero dr 
M. Lancucka-Srodoniowa), to stopien fosylizacji orzeszkéw grabu byt da- 
lej posuniety, niz w Gliwicach. Byly tez one wiecej zniszczone. Mimo za- 
tarte] budowy wewnetrznej stwierdzilam na 7 orzeszkach niechybna przy- 
naleznos¢ do typu C. betulus (Tiablica XIII). Reszta byta nieoznaczalna 
Z powodu zniszczenia budowy anatomicznej. Mozliwe, ze niektore z nich 
nalezaly do typu orientalis. 

Stwierdzenie, ze w Gliwicach na Slasku rost grab typu C. betulus, byto 
w zgodzie z obfitym znaleziskiem okryw owocowych tego gatunku w So- 
snicy (J. Jentys-Szaferowa 1958). Dziwna sie tylko wydawala niezgodnos¢c 
ksztattu orzeszkow miocenskich z ksztattem orzeszkow z Mizernej i Kro- 
S$cienka. W Gliwicach znalaziam bowiem na 225 nie uszkodzonych orze- 
szkéw tylko 1 szerszy od swej dtugosci, tj. ok. 0,5°/o, reszta zas miata 
ksztalt ‘taki jak na Tablicy XII. Na Domanskim Wierchu nie byto ani jed- 
nego wybitnie szerokiego orzeszka. 

Swiatto pomagajace wyjasnic to zagadnienie rzucita notatka A. Gross- 
heima, dotyczaca grabu kaukaskiego. Autor zbadal 75 orzeszkow gatunku 
C. betulus na przestrzeni od dolnego Rodanu ipo Czernichéw, biorac po 
jednym owocu z drzewa, oraz analogiczna prébe z Krymu, Kaukazu i Azji 
Mniejszej i stwierdzil, ze orzechy tych ostatnich byty znacznie wezsze 
i ostrzej zakonczone (ryc. 4). To bylo powodem, ze Grossheim uznal grab 
kaukaski za osobny gatunek, ktéry nazwal C. caucasica Grossheim. 
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Podobna obserwacje zrobilam, badajac w r. 1953 orzeszki wspoiczesnych | 
grabow. Zauwazylam wtedy, ze im badana proba owocoéw C. betulus lezata | 
blizej poludniowych granic zasiegu tego drzewa, tym orzeszki byly WeZz- 
sze, i odwrotnie. Podobnie w Szwajearii, im proba byla zbierana wyze], | 
tym orzeszki byly szersze. Orzeszki z terenu Polski byly przecietnie sto- | 
sunkowo szerokie i tepe (ryc. 5). 

Jezeli tak jest w istocie i jezeli ksztalt owocodw Carpinus betulus jest 
zwiazany z potozeniem geograficmym terenu, w ktorym to drzewo rosnie, 
to nie byloby dziwne ze nad Paratetyda, czyli nad zatoka RS | | 
Morza Srédziemnego, w miejscach, z ktorych pochodzily szczqtki roslinne | 
malezione w Gliwicach, rost w cieplym klimacie miocenskim grab, majacy | 
taka forme owocdw, jaka wystepuje dzis na najcieplejszych krancach za- 
siegu tego drzewa. Jest to oczywiscie tylko hipoteza, ale majaca duza doze 
prawdopodobienstwa. Popiera ja fakt, ze orzeszki, znajdowane sporadycz- 
nie w Sosnicy razem z okrywami typu C. betulus mialy rowniez ksztalt 
waski i ostro zakonczony (Tablica XIV). 

Z dolnego miocenu w Wieliczce pokrajatam tylko 1 uszkodzony orze- 
szek. Sciany jego nie byly sprasowane, byty jednak bardzo kruche z po- 
wodu rozpadania sie komorek, co utrudniato zbadanie jego budowy anato- 
micznej. Nie jest jednak wykluczone, ze w Wieliczce wystepowal rowniez 
typ C. betulus (Tablica XIV). 


5. ZESTAWIENIE WYNIKOW 


1. Wszystkie zbadane orzeszki z holocenu i z plejstocenu wykazaly bu- | 
dowe anatomiczng charakterystyczna dla gatunku C. betulus. 

2. Orzeszki pliocenskie szersze od swej dlugosci oraz wiekszos¢ orze- 
szkoéw innego ksztaltu mialy budowe anatomiczng gatunku C. betulus, 
mimo znacznie mniejszych rozmiaréw. Analogicznie byt zbudowany jeden 
z 2 duzych orzeszkow, znalezionych w dolnym pliocenie w Krogcienku 
(6,4 mm diugi). Poza tym znaleziono w pliocenie maly procent orzeszkow 
o budowie charakterystycznej dla gatunkéw C. orientalis, C. Tschonoskii 
ew. C. laxiflora. 

3. Orzeszki miocenskie z Gliwic i maczna czes¢ orzeszkow z Doman- 
skiego Wierchu mialy budowe charakterystyczna dla gatunku C. betulus, 
mimo ze rozmiarami i ksztaltem przypominaly raczej C. orientalis. Ponie- 
waz na poludniowo-wschodnich krancach dzisiejszego gatunku C. betulus 
wystepuje forma o waskich, ostro zakonezonych owocach, ktéra jest zwia- 
zana zZ cieplym klimatem, przeto jest mozliwe, ze nad miocenska zatoka 
Morza Srédziemnego, gdzie osadzaly sie nasze materiaty miocenskie, wy- 
stepowal rowniez typ C. betulus 0 podobnej formie owocdw. 
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Plate I 


Nutlets from the recent species of the genus Carpinus. Magnified < c. 4. 
A;—Az3, By—H; Nutlets with perigone; Ay—Ag, Be—Hy nutlets without perigone; 
A7—Ayo Fossil nutlets 


Tablica I 


Orzeszki dzi$ zyjacych gatunkow rodzaju Carpinus. Powiekszone ok. 4 X. 
Ai—As3, By—H, Orzeszki z perygonem; A4y—Ag, Bo—Hs Orzeszki bez perygonu; 
A7z—Ajo orzeszki kopalne 


Plate I 


F.C. Tschonoskti G C. cordata 


H.C. japonica 
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Plate II 


Transverse sections through nutlets of the recent species of the genus Carpinus. 
Magnified X c. 16. 
The breadth of the nutlets corresponds to the average breadth characteristic 
of the species in question. 


Nutlet A is a section of the narrowest nutlet which the author has found of the 
species Carpinus betulus. 


Tablica II 


Przekroje poprzeczne orzeszkOw wspotczesnych gatunkéw rodzaju Carpinus. 
Powiekszone ok. 16 x, 
Szerokos¢ orzeszkOw odpowiada sSrednim szerokosciom charakterystyeznym dla 
danych gatunkow. 


Orzeszek A jest przekrojem przez najwezszy orzeszek, jaki autorka spotkala 
u gatunku Carpinus betulus. 
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Plate III 


Nutlets of C. betulus from the subfossil deposits at KrzeszOw on the San, Nutlets 
magnified X c. 5, sections < c. 15. 

In Plate III the extremes of the length/breadth ratio and of certain other 
characters are shown. 

The nutlets on the left are broader than they are long, the nutlets on the right 
are 1.5 to 1.7 times longer than they are broad. 

Nutlet E is not only an extreme as regards the length/breadth ratio, but also 
as regards the situation of the broadest part (at 27 per cent of the length) and the 
apical angle (70°). It is probably maldeveloped. None the less it may be seen from 
the section that its anatomical structure has characters typical of the species 
C. betulus (cf. Plate II). 

A typical character of the nutlets A and B is the absence of ribbing at the 
broadest part of the pericarp. In addition, nutlet B has not the characteristic thick- 
ening of the pericarp on the poles in section (By). 

The anatomical structure of the pericarp and the thickness of its walls indubita- 
bly indicates that all the extremes belong to the species C. betulus. 


Tablica III 


Orzeszki C. betulus z osaddw subfosylnych z Krzeszowa nad Sanem. Orzeszki 
powiekszone ok. 5. X, przekroje — ok, 15 x. 

Na tablicy III przedstawiono ekstremy pod wzgledem stosunku dtugoésci do sze- 
rokosci oraz pod wzgledem niektorych innych cech. 

Orzeszki z lewej strony sa szersze od swej dtugosci, orzeszki z prawej strony sa 
1,5 do 1,7 dtuzsze od swej szerokoSsci. 

Orzeszek E jest nie tylko ekstremem pod wzgledem stosunku diugosci do szero- 
kosci, ale pod wzgledem potozenia najszerszej czesci (w 27°%/o diugosci) i kata wierz- 
chotka (70°). Jest on prawdopodobnie niedorozwiniety. Niemniej na przekroju widac, 
ze jego budowa anatomiczna ma cechy charakterystyczne dla gatunku C. betulus 
(por. Tablica II). 

Cecha charakterystyczna orzeszkéw A i B jest brak zeberkowania w najszerszym 
miejscu perykarpu. Poza tym orzeszek B nie ma charakterystycznego zgrubienia 
perykarpu na biegunach przekroju (By). 

Budowa anatomiczna perykarpu oraz grubosé jego scian wskazuja niechybnie 
na przynaleznos¢ wszystkich ekstremow do gatunku C, betulus. 


Plate III 


Plate IV 


Nutlets of C. betulws from the Riss-Wturm Interglacial at Samostrzelniki. Nutlets 
magnified < c. 5, sections of fruits — X c. 15, details of sections — * c. 50. 

A — The smallest of the nutlets found, damaged and deformed. The section of the 
nutlet (Ay) and the magnified detail (As) show that it belongs to the species 
C. betulus (uneven thickness of pericarp on the sides of the section, broadening 
of pericarp on the poles, cells with a large lumen in the medial layer of the 
pericarp). 

B — A nutlet with a damaged perigone. The pericarp is markedly ribbed. 

C — A nutlet with the perigone and anatomical structure of the pericarp well pre- 
served. A type with faintly-marked protrusion of the ribs. 

D — A nutlet devoid of the perigone, markedly ribbed, and with a very characteristic 
morphological and anatomical structure. 

E — A smooth-surfaced nutlet, deprived of its perigone, without protruding ribs. 
All the characters typical of C. betulus may be seen in the anatomical structure 
(small palisade cells in the superficial layer, cells with large lumina and un- 
dulating walls in the medial layer). Here and there, broadening of the pericarp 
towards the interior of the nutlet. 


Tablica IV 


Orzeszki C. betulus z interglacjalu Riss-Wurm w Samostrzelnikach. Orzeszki powiek- 

szone ok. 5 X, przekroje owocOdw — ok. 15 X, szezegdlty przekroj6w — ok. 50 X 

A — Najmniejszy ze znalezionych orzeszkow, zniszczony i zdeformowany, Na prze- 

kroju orzeszka (Ay) i na powiekszonym szczegéle (Ag) zna¢ przynaleznos¢ do 
gatunku C. betulus (niejednakowo gruby perykarp na bokach przekroju, po- 
szerzenie perykarpu na biegunach, komorki z duzym Swiatlem w srodkowej 
warstwie perykarpu). 

B — Crzeszek ze zniszezonym perygonem. Perykarp wybitnie zeberkowany. 

C — Orzeszek z dobrze zachowanym perygonem i budowa anatomiczna perykarpu, 
typ o slako wystajacych zeberkach. 

D — Orzeszek pozbawiony perygonu, silnie zeberkowany, o bardzo charakterystycznej_ 
budowie morfologicznej i anatomicznej. 

E — Orzeszek 0 powierzchni gladkiej, pozbawiony perygonu, bez wystajacych zeberek. 
W budowie anatomicznej wida¢ wszelkie cechy charakterystyezne dla C. betulus 
(drobne, wyciagniete palisadowo komorki warstwy powierzchniowej, duze §wiatia 
i faliste Sciany komorek warstwy srodkowe)}). Gdzieniegdzie poszerzenie pena 
karpu ku wnetrzu orzeszka. 


Plate IV 


Plate V 


Nutlets of C. betulws from the Mindel-Riss Interglacial from Olszewice. Magnifica- 
tions as in Plate IV 
As compared with Plate IV the more marked compression of the nutlets shows 
its main effect on their hollow interior. The walls of the pericarp are not much 
changed, and all the characters typical of the species C. betulus may be clearly 
seen in them. 


Tablica V 


Orzeszki C. betulus z interglacjatu Mindel-Riss z Olszewic. Powiekszenia jak na 
Tablicy IV 
W porownaniu z Tablica IV widac silniejsze sprasowanie orzeszkéw, ktore od- 
bija sie gtownie na ich pustym wnetrzu. Sciany perykarpu sa mato zmienione, widaé 
na nich wyraznie wszystkie cechy charakterystyezne dla gatunku C. betulus. 


Plate V 


Plate VI 


Nutlets of the C. betulus type from the Upper Pliocene at Mizerna near Czorsztyn, 

broader than they are long (cf. Plate IX). Magnifications as in Plates III—V 

In the sections of the nutlets there can be seen a more marked compression of 
the walls of the pericarp than in the nutlets from the Interglacial epochs. 

Both the general character of the sections and their anatomical details, 
magnified < c. 50, give evidence that the nutlets A—F belong to a species of the 
C. betulus type. 

The well-preserved perigone on the majority of the nutlets is a proof that they 
have not been transported very far (cf. Plate VIII). 


Tablica VI 


Orzeszki typu C. betulus z pliocenu gornego w Mizernej koto Czorsztyna szersze od 
swej dtugosci (por. z Tablica IX). Powiekszenia jak na Tablicach III—V 

Na przekrojach orzeszko6w znac silniejsze sprasowanie Sscian perykarpu niz na 
orzeszkach z interglacjalow. 

Zarowno ogdlny charakter przekrojow, jak ich szczegdlty anatomiczne przedsta- 
wione w powiekszeniu okoto 50 X Swiadeza o przynaleznosci orzeszk6w A—F do 
gatunku typu C. betulus. 

Dobrze zachowany perygon na wiekszosci orzeszkoOw jest dowodem, ze pochodza 
one z niedalekiego transportu (por. z Tablica VIII). 


. 


Plate VI 


Plate VII 


Variability of thickness in the pericarp of nutlets from the Upper Pliocene at 
Mizerna. Nutlets magnified < c. 5, sections — xc. 15. 

By comparing the shape of the nutlets with the accompanying sections of the 
pericarp, it may be seen that the thickness of the walls of the pericarp is not con- 
nected with the shape of the nutlets. 

A;—Ay The smallest of the nutlets broader than they are long found at Mizerna, 

2.4 mm in length. 

A—L The C. betulus type. 

M — The C. orientalis type. 


Tablica VII 


Zmiennos¢ grubosci perykarpu u orzeszkow z gornego pliocenu w Mizernej. Orzeszki 
powiekszone ok. 5 X , przekroje — ok. 15 xX. 

Porownujac ksztalt orzeszkow z zamieszczonymi obok przekrojami ich perykarpu 
widzimy, ze grubos¢ scian perykarpu nie jest zwiazana z ksztattem orzeszkow. 

A;—Az Najmniejszy z orzeszkow szerszych od swej dtugosci, znalezionych w Mi- 

zernej, 2,4 mm dtugi. 
A—L Typ C. betulus. 
M — Typ C. orientalis. 


Plate VII 


JHB WS Wall 


Nutlets of the C. betulus type from a well in the upper strata at Mizerna. Magni- | 

fication as in Plates III—V 

The considerable carbonization of the nutlets, the complete absence of the | 

perigone and the frequently damaged pericarp arouse a supposition that this is | 

a material similar to that in Plates VI and VII, but transported from afar or found 
in a secondary bed. 


Tablica VIII 


Orzeszki typu C. betulus pochodzace ze studni w gornych warstwach w Mizerne}j. 
Powiekszenia jak na Tablicach III—V 
Silne zweglenie orzeszkow, zupeiny brak perygonu i czeste zniszczenie perykarpu 
kaza przypuszczac, ze jest to materiat analogiczny jak na Tablicach VI i VII, ale 
pochodzacy z dalszego transportu lub znajdujacy sie na wtornym ziozu. 


Plate VIII 


Acta Paleobotanica 4 


Plate IX 


Nutlets of the C. betulus type from the Lower Pliocene at Kroscienko on the Dunajec, 
broader than they are long. Magnification as in Plates III—VIII 

In analogical comparison with the material from the Upper Pliocene at Mizerna 
(Plate VI), greater compression and further advanced fossilization may be seen in 
the sections of nuts from Kroscienko. In those places where there were cells with 
large lumina only black marks can as a rule be seen (C3—Gs). 

Attention is called to the thickness of the pericarp on the poles, markedly 
greater than on the sides in section (C3s—Gs3). This is in connection with the mono- 
lateral compression of the nutlets (cf. Plate II and Fig. 3). 


Tablica IX 


Orzeszki typu C. betulus z pliocenu dolnego w Kroscienku nad Dunajcem, szersze 
od swojej dtugosci. Powiekszenia jak na Tablicach III—VIII 

W porownaniu z analogicznym materiatem z pliocenu gornego w Mizernej 
(Tabl. VI) znaé na przekrojach z Kroscienka wieksze sprasowanie orzeszkéw i dalej 
posunieta fosylizacje. W miejscach, gdzie znajdowaly sie komorki 0 duzych S§wiattach, 
widac¢ przewaznie tylko ciemne prazki (C3—Gs). 

Zwraca uwage grubos¢ perykarpu na biegunach przekrojéw, ktora jest znacznie 
wieksza niz grubos¢ bokow perykarpu (C3—Gsz3). Jest to w zwiazku z jednostronnym 
sprasowaniem orzeszk6w (por. Tabl. II i ryc. 3). 


Plate IX 
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Plate X 


Variability of thickness in the pericarp of nutlets from the Lower Pliocene at Kro- 
Scienko (cf. Plate VII and tables 3, 5). Nutlets magnified * c. 5, sections xc. 15. 
Nutlets M and P probably belong to the C. orientalis type. The others have been 
assigned to the C. betulus type. 
Photographs G,; and Gy» represent one of the two large nutlets from the Lower 
Pliocene found at Kroscienko. They do not differ in dimensions from the nutlets of 
the recent species C. betulus (v. p. 17). 


Tablica X 


Zmiennos¢ grubosci perykarpu u orzeszkOw z dolnego pliocenu w Kroscienku (por. 
Tablice VII i tabele 3 i 5). Orzeszki powiekszone ok. 5 X, przekroje — ok. 15 X 
Orzeszki M i P naleza prawdopodobnie do typu C. orientalis. Pozostale orzeszki 
zostaty zaliczone do typu C. betulus. 
Fotografie G; i Gy przedstawiaja jeden z dwoch duzych orzeszk6w znalezionych 
w pliocenie dolnym w Kroscienku. Nie rdznity sie one rozmiarami od orzeszkéw 
wspotczesnego gatunku C. betulus (patrz str. 17). 


Plate X 


Plate XI 


Morphological and anatomical types of Pliocene hornbeam nuts 
The photographs in Plate XI have been given to show that it is difficult to de- 
termine the species of fossil nutlets on the basis of the morphology alone. 
I. Recent nutlets 
A — Transverse section of a nutlet of C. betulus. Magnified X c. 20. 
B — Transverse section of a nutlet of C. orientalis. Magnified X c. 50. 
II. Fossil nutlets 
Nutlets magnified < c. 5, sections < c. 15, and details of sections * c. 50. 
Upper Pliocene (Mizerna) 
Bi—B3 Nutlet c. 4 mm in length, C. betulus type 
E,;—E3 Nutlet c. 4 mm in length, C. orientalis type 
Lower Pliocene (Kroscienko) 
Cy— C3 Nutlet c. 2.5 mm in length, C. betulus type 
F,—Fs3 Nutlet c. 2.4 mm in length, C. orientalis type 
G1;— G3 Nutlet c. 3.5 mm in length, C. Tschonoskii or C. laxiflora type. 


Tablica XI 


Typy morfologiczne i anatomiczne pliocenskich orzeszk6w grabu 
Fotografie zestawione na Tablicy XI maja ma celu wykazanie, ze na podstawie 
samej morfologii orzeszkéw kopalnych trudno jest okresli¢ gatunek, do jakiego 
naleza. 
I. Orzeszki wspotczesne 
A — Przekroj poprzeczny przez orzeszek C. betulus. Powiekszony ok. 20 *. 
B — Przekroj poprzeczny przez orzeszek C. orientalis. Powiekszony ok. 50 X. 
II. Orzeszki kopalne 
Orzeszki powiekszone ok. 5 X, przekroje ok. 15 X, szczegdty przekrojéw ok. 50 x. 
Pliocen gorny (Mizerna) 
B,;— B3 Orzeszek ok. 4 mm dtugi, typ C. betulus 
Ey—E3 Orzeszek ok. 4 mm dtugi, typ C. orientalis 
Pliocen dolny (Kroscienko) 
C;—C3 Orzeszek ok. 2,5 mm dtugi, typ C. betulus 
Fy—F3 Orzeszek ok. 2,4 mm dtugi, typ C. orientalis 
G;—G 3 Orzeszek ok. 3,5 mm dlugi, typ C. Tschonoskii lub C. laxiflora 


Plate XI 


C. Tschonoskii 


ee 


Plate XII 


Hornbeam nutlets from the Middle Miocene at Gliwice. Magnifications as in | 


Plates III—V 
A,;—Ag Single nutlet broader than long, found at Gliwice, C. betulus type. 
B — K Narrow sharp-ended nutlets. It may clearly be seen from the sections 
that they belong to the C. betulus type. 


Tablica XII 


Orzeszki grabu ze srodkowego miocenu w Gliwicach. Powiekszenia jak na 
Tablicach IJI—V 
A;—A3 Jedyny orzeszek szerszy od swej dtugosci, znaleziony w Gliwicach, typ 
C. betulus. ; 
B — K Orzeszki waskie, ostro zakoncezone. Na ich przekrojach wida¢é wyraznie 
przynaleznos¢ do typu C. betulus. 


Plate XII 


Plate XIII 


Nutlets from the Upper Miocene on Domanski Wierch. Magnification as in Plates 
IlI—V 

Damaged and much compressed nutlets, often with the perigone torn. Anatomical 

structure indistinct. : 

The sections D3;—F3 and H3;—L3 can be seen to belong to the C. betulus type. 


Tablica XIII 


Orzeszki z gOrnego miocenu na Domanskim Wierchu. Powiekszenia jak na Tablicach 
IlI—V 

Orzeszki zniszczone, silnie sprasowane, czesto z obtartym perygonem. Budowa 

anatomiczna na ogo! niewyrazna. 

Na przekrojach Ds3—Fs3 i H3—Lg zna¢ przynaleznosé do typu C. betulus. 


‘ Plate XIII 


Plate XIV 


Above, recent nutlets of C. betulus L. v. caucasica Grossheim. Magnified * c. 6. 
Below, nutlets of the C. betulus type from the Polish Miocene. Magnified * c. 5. 
A — Section of a nutlet of Carpinus polonica Zabtocki from Wieliczka. 


Tablica XIV 


U gory wspoiczesne orzeszki C. betulus L. v. caucasica Grossheim,. Powiek- 


szone ok. 5 X. 
U dolu orzeszki typu C. betulus z polskiego miocenu. Powiekszone ok. 5 * . 


A — Przekroj orzeszka Carpinus polonica Zabtocki z Wieliczki. 


Plate XIV 


Carpinus betulus L. vy caucasica A. Grossh. 
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